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© In a matrix display apparatus for displaying vid- 
eo signal of two or more different standards, such as 
PAL and NTSC standards, comprising a display pan- 
el (10), for example, a liquid crystal display panel, 
having a row and column array of picture elements 
(12), a column driver circuit (22) for sampling lines of 
an applied video signal (25) and supplying data 
signals to the panel (10), a row driver circuit (20) for 
scanning the rows of picture elements in turn, and a 
control circuit (21) controlling the timings of the 
operations of the row and column driver circuits 
(20,22), the row driver circuit (20) is controlled there- 
by (ST.CLK) so as to scan the rows of picture 
elements at a rate which is a function of the number 
of rows in the panel (10) and the field period of the 
applied video signal. Using a row scanning rate 
which is substantially equal to the number of rows 
divided by the active field period of the applied 
video signal, all rows of the panel are addressed 
within the field period of different standards of ap- 
plied video signal and video picture fills the available 
display area. 
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© In a matrix display apparatus for displaying vid- 
eo signal of two or more different standards, such as 
PAL and NTSC standards, comprising a display pan- 
el (10), for example, a liquid crystal display panel, 
having a row and column array of picture elements 
(12), a column driver circuit (22) for sampling lines of 
an applied video signal (25) and supplying data 
signals to the panel (10), a row driver circuit (20) for 
scanning the rows of picture elements in turn, and a 
control circuit (21) controlling the timings of the 
operations of the row and column driver circuits 
(20,22), the row driver circuit (20) is controlled there^ 
by (ST.CLK) so as to scan the rows of picture 
elements at a rate which is a function of the number 
of rows in the panel (10) and the field period of the 
applied video signal. Using a row scanning rate 
which is substantially equal to the number of rows 
divided by the active field period of the applied 
video signal, all rows of the panel are addressed 
within the field period of different standards of ap- 
plied video signal and video picture fills the available 
display area. 
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This invention relates to a matrix display ap- 
paratus for displaying video signals of two or more 
different standards which apparatus comprises a 
display panel having an array of picture elements 
arranged in a set number of rows and columns and 
driving means for driving the picture elements ac- 
cording to an applied video signal, the driving 
means comprising a column driver circuit operable 
according to the line frequency of an applied video 
signal for supplying data signals derived therefrom 
to the columns of picture elements, a row driver 
circuit for scanning the rows of picture elements in 
turn, and a control circuit which controls the timing 
of the operation of the row driver circuit and which 
is responsive to an applied video signal to control 
the row scanning rate of the row driver circuit 
according to the standard of the video signal. The 
invention relates also to a method of operating 
such a display apparatus. The invention is con- 
cerned particularly, although not exclusively, with 
liquid crystal display apparatus for displaying TV 
pictures. 

Normally, a matrix liquid crystal display panel 
is designed for use with one video standard with 
the number of rows of picture elements being 
selected having regard to the number of display 
lines of the video standard. However this leads to 
problems if it is desired to use the display panel to 
display video signals of a different standard, as 
might be required, for example, for a portable IV 
receiver. If an NTSC (525 line) video signal is 
displayed on a panel designed for PAL (625 line) 
video signals a reduced height picture having the 
wrong aspect ratio is obtained. An external 
standards-converter could be employed to convert 
for example an NTSC signal to the PAL standard 
but this involves complex signal processing tech- 
niques and is very expensive in terms of the re- 
quired circuitry. 

There is described in US Patent Specification 
5,003,388 a scheme for enabling, for example, a 
PAL standard video signal to be displayed on a 
display panel designed for an NTSC standard vid- 
eo signal. In this scheme, converter means are 
employed which change the number of display 
lines of the video signal that are actually displayed 
by discarding selected display lines, in this case 
every sixth line of the PAL standard signal, thereby 
enabling a picture according to the PAL standard to 
be displayed on the display panel. In the apparatus 
described, a row and column array of picture ele- 
ments, for example liquid crystal elements, is 
driven by a data driver circuit which supplies data 
signals derived from a video signal to the columns 
of picture elements and a scan driver circuit con- 
nected to the rows of picture elements which scans 
each row in turn. The operations of the data and 
scan driver circuits are controlled and synchronised 



by a control circuit using synchronising signals 
derived from the video signal. The control circuit 
operates the scan driver circuit at a rate corre- 
sponding to the line frequency of the video signal. 

5 When, for example, a PAL signal is to be dis- 
played, the scan and data driver circuits are con- 
trolled so as to ignore selected, regularly spaced, 
lines in the video signal, and the sampled data 
signals pertaining thereto. In this way the PAL 

io standard picture can be made to fit the picture 
element array. However, as described in this speci- 
fication, unless certain measures are taken unwan- 
ted display artefacts can be produced using this 
approach. Even if the described measures are tak- 

75 en, which involve changing the position of the 
deleted lines from field to field, it is likely that 
display disturbances such as flickering lines will be 
observed when displaying certain kinds of pictures. 
To display an NTSC video signal on a display 

20 panel designed for PAL video signals an opposite 
approach may be possible whereby certain lines in 
the NTSC signal may be repeated so that in places 
several rows of picture elements are driven with the 
same picture information. In this way the picture is 

25 effectively expanded in the vertical direction to fill 
the available display area. Again however, this 
technique may lead to perceivable display artifacts 
affecting the quality of the displayed picture. When 
lines in the picture have to be repeated there is 

30 then less time available to address the rows or the 
display panel and this can result in differences in 
the picture element voltages for repeated and non- 
repeated lines. 

It is an object of the present invention to pro- 

35 vide a matrix display apparatus capable of multi- 
standard video operation which is simple and in- 
expensive to manufacture. 

It is another object of the present invention to 
provide a matrix display apparatus capable of dis- 

40 playing multi-standard video signals which at least 
to some extent avoids the aforementioned prob- 
lems. 

According to one aspect of the present inven- 
tion there is provided a matrix display apparatus of 

45 the kind described in the opening paragraph which 
is characterised in that the control circuit is ar- 
ranged to operate the row driver circuit at a rate 
which is determined in accordance with the number 
of rows of picture elements and the field period of 

so an applied video signal. 

The row driver circuit of the apparatus is thus 
operated on a different basis to those of conven- 
tional matrix display apparatus and the display 
apparatus described in US Patent Specification 

55 5,003,388. In conventional display apparatus each 
line of the video signal is used to address either 
one or two rows of picture elements of the display 
panel. In both cases there is a direct relationship 
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circuit for scanning the rows of picture elements in 
turn at rates which differ according to the standard 
of the applied video signal, characterised in that 
the row driver circuit operates to scan the rows of 
picture elements at a rate which is a function of the 
number of rows of picture elements and the field 
period of the applied video signal. 

The invention is particularly applicable to liquid 
crystal matrix display apparatus, although it is en- 
visaged it could be used to advantage in other 
forms of matrix display apparatus comprising ma- 
trix arrays of picture elements, for example elec- 
trochromic or electrophoretic elements, and intend- 
ed for displaying video signals. 

Matrix display apparatus, and their methods of 
operation, in accordance with the present invention 
will now be described, by way of example, with 
reference to the accompanying drawings in which:- 
Figure 1 is a schematic circuit diagram of an 
embodiment of matrix display apparatus accord- 
ing to the invention; 

Figure 2 is a timing diagram for illustrating the 
relative timings of row and column driving oper- 
ations in the display apparatus; 
Figures 3a to 3c are simplified schematic circuit 
diagrams of a part of an individual stage in 
alternative forms of column driver circuits used 
in the apparatus; 

Figures 4a to 4c illustrate typical data signal 
voltage waveforms produced by each of the 
circuits of Figures 3a to 3c respectively; 
Figure 5 illustrates schematically a typical stage 
of another form of column driver circuit for use 
in a monochrome version of the display appara- 
tus; 

Figure 6 depicts the lay-out of picture elements 
ana colour filters in a colour version of the 
display apparatus; and 

Figures 7a and 7b illustrate schematically a ty pi- 
ca; stage of two further forms of column driver 
circuits for use in the colour version of the 
display apparatus. 
It should be understood that the Figures are 
merely schematic and are not drawn to scale. It 
should also be understood that the same reference 
numerals are used throughout the Figures to in- 
dicate the same or similar parts. 

Figure 1 shows in highly simplified block form 
the circuit configuration of a liquid crystal matrix 
display apparatus for displaying video, e.g. TV, 
pictures, of different standards. Referring to Figure 
1 , the display apparatus comprises an active matrix 
addressed liquid crystal display panel 10 having a 
row and column array of picture elements which 
consists of m rows (1 to m) with n horizontally 
arranged picture elements 12 (1 to n) in each row. 
Only a few of the picture elements are shown for 
simplicity. In practice, the total number of picture 



elements in the matrix array may be several hun- 
dreds of thousands. Each picture element 12 in- 
cludes a respective switching device, in this exam- 
ple in the form of a thin film transistor, TFT 11 , and 

5 an LC element 18 and is located adjacent a re- 
spective intersection of sets of row and column 
address conductors 14 and 16. The gate terminals 
of all TFTs 11 associated with picture elements in 
the same row are connected to a common row 

io conductor 14 to which, gating signals are supplied. 
Likewise, the source terminals of the TFTs of all 
picture elements in the same column are con- 
nected to a common column conductor 16 to which 
data (video information) signals are applied. The 

75 display panel is illuminated by a light source dis- 
posed on one side and light entering the panel is 
duly modulated according to the transmission char- 
acteristics of the LC elements 18 as determined by 
the data signals applied 

20 thereto. 

Liquid crystal matrix display apparatus intend- 
ed for displaying video pictures are well known and 
as such it is considered unnecessary to provide 
here a full and detailed description of the general 

25 aspects of the apparatus. For further information 
reference is invited for example to GB-A-21 62984, 
GB-A-21 34300, and also the aforementioned US 
Patent Specification No. 5003388, whose disclo- 
sures are incorporated herein by reference. 

30 The display panel 10 is driven by row and 

column driver circuits 20 and 22 connected to the 
sets of row and column address conductors 1 4 and 
16 respectively. The row and column driver circuits 
20 and 22 in this embodiment are of conventional 

35 type and as such will not be described here in 
detail. Briefly, the row driver circuit 20 comprises a 
digital shift register whose operation is controlled 
by regular clocking pulses and control signals from 
a control circuit 21 to which synchronisation signals 

40 derived from a video signal applied to an input 25 
are supplied from a synchronisation separator 26, 
and is operable by the control circuit to scan the 
row conductors 14 successively with gating signals. 
In the intervals between gating signals the row 

45 conductors are supplied with a substantially con- 
stant reference potential. Video data signals are 
supplied to the column conductors 16 from the 
column driver circuit 22 which comprises a shift 
register circuit 30 and a sample and hold circuit 31 . 

so The circuit 22 is supplied with a video information 
signal from a video processing circuit 27 and de- 
rived from the video signal applied to the input 25. 
The synchronisation signals obtained in the synch- 
ronisation separator 26 from the timing information 

55 of the input video signal are used by the control 
circuit 21 to produce timing signals for controlling 
the column driver circuit. The column driver circuit 
22 performs serial to parallel conversion of the 
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between the timing of the operations of the row and 
column driver circuits. The row and column driver 
circuits are operated in synchronism with the pe- 
riod of each operation of the two circuits being 
dictated by the video line frequency. The apparatus 
of US 5,003,388 operates in similar fashion. In the 
display apparatus of the present invention the row 
and column driver circuits are operated in an asyn- 
chronous manner. The timing of the row driver 
circuit is not directly linked with the timing of the 
column driver circuit according to the line fre- 
quency of the video signal but instead is depen- 
dent on the number of rows of picture elements in 
the display. Preferably the row driver circuit is 
operable by the control circuit to scan the rows at a 
rate substantially equal to the number of rows 
divided by the active field period of an applied 
video signal which ensures that all the rows of 
picture elements are addressed within the field 
period of the video signal. Consequently, the video 
picture fills the available display area, as defined 
by the row and column array of picture elements, 
even if the video standard is changed and without 
the need to utilise additional conversion circuitry to 
delete or repeat selected lines in the video signal. 
Importantly, the picture information in the video 
signal is distributed uniformly over the rows of 
picture elements. The charging behaviour for ex- 
ample of the picture elements, such as liquid cry- 
stal picture elements, means that an averaging 
effect is produced and discontinuities moving verti- 
cally within the displayed picture are avoided. Dis- 
turbing artefacts in the displayed picture due to, for 
example, expansion of the picture are less likely to 
be visible. 

The row driver circuit can be of a conventional 
form, comprising a digital shift register circuit for 
example. The timing of its operation, and hence the 
row scanning rate, is appropriately controlled by 
control signals applied thereto which are generated 
in the control circuit on the basis of the number of 
rows of picture elements and the field period of the 
applied video signal. As such, the necessary drive 
means is simple and inexpensive to manufacture. 

For simplicity, known types of column driver 
circuits employed in conventional display apparatus 
may be retained. Thus, in one embodiment, the 
column driver circuit may consist of a plurality of 
stages comprising sample and hold circuits for 
sampling lines of an applied video signal, with the 
output of each stage being connected to a respec- 
tive column of picture elements and with the stages 
being operable to sample video lines at a rate 
corresponding to the line frequency of the video 
signal. In this case, then for a situation in which the 
number of rows of picture elements is greater than 
the number of lines in the video signal, for example 
where an NTSC video signal is displayed on a 



panel designed for PAL video signals, the operation 
of the column and row driver circuits is such that 
the row addressing period becomes shorter than 
the video line period with the result that some rows 

5 receive the same picture information, while for oth- 
er rows the data signals applied to the columns 
may change while the row of picture elements is 
being addressed, whereby the picture elements 
produce some average of the two lines of the video 

70 signal. 

Each stage of the column driver circuit may 
comprise at least two sample and hold circuits 
whose outputs are alternately switched by switch 
means operable by the control circuit at a rate 

75 corresponding to the video line frequency. The 
operation of the column driver circuit may follow 
that of known column driver circuits in which each 
stage comprises a pair of sample and hold circuits 
controlled via a shift register circuit. While one 

20 sample and hold circuit is sampling the applied 
video line waveform, the contents of the other is 
supplied to an associated column conductor, via a 
buffer amplifier, and transferred to a picture ele- 
ment in the selected row. At the end of each video 

25 line the sample and hold circuits are switched 
whereby the contents of the one circuit is supplied 
to the column conductor while the other performs 
the sampling function. 

In other embodiments of the display apparatus, 

30 a modified column driver circuit may be used to 
provide improved performance. In one version of a 
modified column driver circuit, the stages may in- 
clude signal smoothing circuits, for example low 
pass filters or linear interpolation circuits, connect- 

35 ed between the sample and hold circuits and the 
outputs so that successive sampled signals, and 
transitions therebetween, are smoothed. In another 
version of modified column driver circuit, each 
stage may include a further sample and hold circuit 

40 between the signal smoothing circuit and the out- 
put of the stage, which further sample and hold 
circuit is arranged to be operated by the control 
circuit at the row scan rate. The further sample and 
hold circuit performs a re-sampling function so that 

45 the level of the data signal applied to a column of 
picture elements is held constant while each row of 
picture elements is addressed. 

According to another aspect of the present 
invention, there is provided a method of operating 

so a matrix display for displaying applied video sig- 
nals of two or more different standards and com- 
prising a display panel having an array of picture 
elements arranged in a set number of rows and 
columns and driving means for driving the picture 

55 elements according to an applied video signal and 
comprising a column driver circuit for supplying 
data signals derived from an applied video signal to 
the columns of picture elements and a row driver 
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video information signal appropriate to the address- 
ing of the panel 10. The panel 10 is driven on a 
row at a time basis by scanning the row conductors 
14 sequentially with a gating (select) signal so as 
to turn on each row of TFTs in turn and applying 
data signals to the column conductors. Using one 
row at a time addressing all TFTs 11 of the ad- 
dressed row are switched on for a period deter- 
mined by the duration of the gating signal during 
which video information signals present on the col- 
umn conductors 16 are transferred to the picture 
elements 12. Upon termination of the gating signal, 
the TFTs 11 of the row are turned off thereby 
isolating the picture elements from the conductors 
16. 

To avoid electrochemical degradation of the LC 
material, the polarity of the drive signals applied to 
the picture elements 12 is periodically inverted in 
accordance with known practice although for sim- 
plicity the means by which this is achieved is not 
shown in Figure 1. This polarity inversion can take 
place after every complete field of the display 
panel (field inversion) and optionally after every 
row address as well (line inversion). 

The display panel 10 in this embodiment is 
designed to display PAL standard video signals 
having 625 lines (575 active lines) and the number 
of rows, m, of picture elements is chosen accord- 
ingly to match the number of active lines in the 
video signal. In the case of a half resolution dis- 
play, the panel therefore has 288 rows of picture 
elements, and, for example, 468 columns. The pan- 
el 10 could instead be a full resolution display 
panel having 575 rows and, for example, 720 col- 
umns. The display apparatus is intended also to 
display video signals of other standards, for exam- 
ple an NTSC video signal having 525 lines (484 
active lines) and to this end the operation of the 
row and column circuits 20 and 22 in addressing 
the display panel 10 is different to that of conven- 
tional display apparatus intended to display just 
one video standard. In such conventional appara- 
tus, the operations of the row and column driver 
circuits are synchronised and are controlled in ac- 
cordance with the video line frequency of the ap- 
plied signal. Each line in the video signal is used to 
address one row of picture elements, (or in the 
case of a full resolution display two rows where the 
so-called line pairing drive scheme is employed) 
and there is a direct link between the timings of the 
operations of the row and column driver circuits, 
with the period of each operation being determined 
by the video line frequency. Thus operation of the 
shift register 30 is initiated by a regular clock signal 
corresponding to. the video line frequency and the 
row driver circuit is clocked by a regular clock 
signal whose frequency similarly corresponds to 
the video line frequency (i.e. the horizontal synch- 



ronising signal frequency) so that the rows are 
scanned at a rate corresponding to the video line 
rate. In the display apparatus of Figure 1 . however, 
the timing of the operation of the row driver circuit 

5 20 is determined instead according to both the 
number of rows of picture elements and the field 
period of the applied video signal. The operation of 
the row driver circuit 20 in this respect is controlled 
by the control circuit 21 which provides a start 

to signal ST derived from the vertical synchronisation 
signal of the applied video signal and a regular 
clock signal CLK which is a function of the field 
period of the video signal and the number of rows, 
m, in the display panel. More particularly, the clock 

75 signal CLK generated in the circuit 21 has a fre- 
quency substantially equal to m divided by the 
active field period of the video signal. The clock 
signal frequency, and hence rate at which the row 
driver input 20 scans the rows, is thus determined 

20 by the circuit 21 in accordance with the video 
signal field period and number of rows and such 
that all the rows in the display panel are addressed 
within one field period of the video signal with an 
equal addressing period for all rows. With the col- 

25 umn driver circuit 22 being controlled in conven- 
tional manner, it will be appreciated then that the 
row and column driver circuits operate asynchro- 
nously. 

When displaying PAL standard video signals 

30 the effect of such operation of the row driver circuit 
20 is that the display panel 10 is addressed in 
substantially the same way as in a conventional, 
single standard, display apparatus whose row and 
column driver circuits both operate at the video 

35 signal line rate. Thus, a gating signal is applied to 
each row address conductor 14 in turn succes- 
sively at a constant rate corresponding to the video 
signal line rate. The duration of the gating signals 
is approximately equal to a video signal line period, 

40 Tl, or less. In the case of a half resolution PAL 
standard video signal having a line period of 64 
microseconds, each row conductor is supplied with 
a gating signal at intervals of 20 milliseconds. 

When a different standard of video signal is 

45 applied, for example an NTSC video signal (525 
lines), the timing and control circuit 21 responds to 
the different video signal field period, as deter- 
mined by the field synchronising signal, to alter the 
frequency of the clock signal CLK applied to the 

so circuit 20 for controlling the row scan rate with the 
new clock signal frequency again being determined 
by the field period and the number of rows and 
substantially equal to the number of rows divided 
by the active field period so as to ensure that all 

55 the rows of picture elements are scanned within the 
active field period of this video signal. Conse- 
quently, the video picture fills the available display 
area even though a different video signal standard 
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is used. 

Although the above embodiment has been de- 
scribed as having a display panel designed for one 
video signal standard (PAL) and operable to dis- 
play one or more other video signal standards 
having fewer lines, the reverse situation is also 
possible. Thus the display panel may be designed 
for a video signal standard such as NTSC and the 
apparatus operable to display one or more other 
video signal standards, such as PAL, having a 
greater number of lines. 

The performance of the display apparatus is 
illustrated in Figure 2 which is a timing diagram 
depicting the relative timings for various operations 
for the case in which the panel 10 has 288 rows of 
picture elements providing a half resolution display. 
Figure 2a represents the video signal line periods, 
several successive lines being indicated at m, 
m + 1, rn+2, etc., and an individual line period 
being indicated at T1 . These periods correspond to 
the periods during which the column driver circuit 
22 samples the applied video signal. Figure 2b 
represents the periods during which the sampled 
voltages from line x are applied to the column 
conductors 16, this transfer involving samples from 
the preceding video line while the current line is 
being sampled. In a conventional single standard, 
half resolution display in which each video signal 
line is used to address one row of picture elements 
the timing of the operations of the row and column 
driver circuits is determined by the video line 
(horizontal synchronising signal) frequency. This is 
illustrated in Figure 2c which represents the 
periods during which individual rows of picture ele- 
ments, here designated N, N + 1, etc., are selected, 
by the application of a gating signal from the row 
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the picture elements in that row. The row address 
periods, one of which is indicated at Tr1 , cor- 
respond with the video line periods T1 . When the 
display apparatus of Figure 1 is operated with a 
PAL video signal having 288 active lines per field, 
for which the display panel 10 is designed, the row 
driver circuit 20 operates with substantially identical 
effect as in this conventional apparatus, with the 
row address periods, Tr1 , substantially correspond- 
ing to the video line periods Tl. 

When the display apparatus is operated to 
display an NTSC standard video signal (242 active 
lines per field) and with the row scanning fre- 
quency being set by the circuit 21 as previously 
described so that all the rows in the display panel 
are addressed within one field period, there is no 
longer a 1:1 relationship between the information in 
the lines of the video signal and that shown on the 
display panel as the numbers of rows of picture 
elements is greater than the number of lines in the 
video signal. Figure 2d shows the addressing 



periods for the rows of the display panel, des- 
ignated k, k + 1, k + 2, etc., in this situation. As there 
are more rows than video lines, the row addressing 
period, Tr2, is shorter than the video line period 

5 with the result that some rows in the display panel 
receive picture information from one video line, for 
example rows k and k + 5, while for other rows the 
picture information applied to the column conduc- 
tors 16 changes while the row is being addressed, 

10 for example rows k + 1, k + 2, k + 3 and k + 4. Where 
this occurs, and depending on the dynamic behav- 
iour of the picture elements, the information that 
appears on the rows will be some average of the 
two lines of the video signal. The overall effect is 

75 that the picture will fill the available display area of 
the panel. Lines of information are averaged as 
determined by the detailed timing so that each row 
in the display panel is addressed with the appro- 
priate information. 

20 With the display apparatus operating in this 

manner the picture information is uniformly distrib- 
uted over the available rows of picture elements in 
the panel. Each row is addressed in turn at a 
constant rate in each field period and the scanning 

25 does not alter from field to field of the applied 
video signal. Consequently, the displayed picture 
will be more uniform and less likely to have display 
artefacts than with known multi-standard drive 
schemes involving line repetition or line deletion. 

30 The display apparatus can readily be imple- 

mented using known types of column and row 
driver circuits. However, in some circumstances the 
apparatus may not provide a sufficiently acceptable 
reproduction of all kinds of picture material. Figure 

35 3a shows in simple schematic form the circuit for 
one output stage of a conventional type of column 
dnver, while Figure 3b and 3c illustrate the circuits 
of individual stages in two modified forms of col- 
umn driver circuits. For simplicity, all three circuits 

40 are for the case in which the display apparatus is 
driven using a field inversion drive scheme. The 
circuit of Figure 3a consists of two sample and 
hold sections SK1 and SH2 which sample the 
video waveforms applied to line 34 under the con- 

45 trol of the outputs of the shift register 30 and a 
control signal C1 supplied by the control circuit 21 
and determined by the video signal line frequency. 
For clarity the shift register control circuitry has 
been omitted in this and the following Figures. 

so While the first section SK1 samples the video in- 
formation waveform the output of the second, SH2, 
is connected to the associated column conductor 
16 of the display panel via a buffer amplifier 35. At 
the end of each video line period the output switch 

55 36 is toggled by C1 so that the two sample/hold 
sections swap functions whereby SH2 samples the 
video signal and SK1 provides the output, data 
signal, voltage. The output waveform Vc produced 
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by this circuit and applied to the column conductor 
16 steps from one sampled voltage to the next at 
the video line rate as shown in Figure 4a. 

In the simple addressing scheme described 
above, the dynamic behaviour of the picture ele- 
ments provide some filtering of the transitions in 
the column voltage when NTSC signals are dis- 
played for which the row address periods Jxz and 
the video line periods Tl do not correspond. This 
can be done in a more controlled way in the 
column driver circuit 22 rather than the picture 
elements 12 by introducing a signal smoothing 
circuit comprising a low pass filter (LPF) into the 
column driver stage as shown in Figure 3b. This 
filter may be implemented using a resistor-capaci- 
tor combination or by using switched capacitor 
techniques. An example of the Vc signal waveform 
then appearing at the output of the filter is illus- 
trated in Figure 4b. As a further refinement, this 
waveform can be re-sampled by a further sample 
and hold section indicated at SH3 which is op- 
erated at the row scanning rate so that the column 
output voltage is held constant while each row in 
the display panel is addressed. The effect of this 
circuit is to filter and then re-sample the vertical 
information in the picture, effectively approximating 
the picture information corresponding to the posi- 
tions of the rows in the display panel where this 
does not match the lines in the video signal. 

A second way of estimating the picture in- 
formation between the known, sampled, values is 
to perform a linear interpolation. A circuit for this is 
illustrated in Figure 3c. The circuit block INT to- 
gether with a sample and hold circuit SK3 operated 
at the video line rate by the circuit 21 takes as its 
inputs the values of samples from two successive 
lines of the video signal and produces an output 
voltage which changes linearly between the two 
sampled values over the line period of the video 
signal. The resulting waveform, which is illustrated 
in Figure 4c, can then be re-sampled by sample 
and hold circuit SH4 t operating at row scanning 
rate as in the previous case, to provide the column 
conductor drive voltage waveform for the display 
panel. 

Monochrome display apparatus, including 
those used in a three channel colour projection 
system, can be driven by known column driver 
circuits using the basic scheme. Figure 5 illustrates 
schematically one stage of such a circuit asso- 
ciated with a respective column conductor. The 
circuit consists of two pairs of sample and hold 
circuits. SK1. SK2 and SK3, SK4. These take sam- 
ples from two separate video input signals, datal 
and data2. Two control signals are also provided 
which control which of the circuits are sampling at 
any moment, either SK1 and SK3, or SK2 and SK4, 
and also which sample circuit is connected to the 



output buffer 35. To drive a monochrome display in 
line inversion a video signal of one polarity is fed 
into datal and the opposite polarity to data2. The 
switches 36 are toggled by the control signal C1 at 
5 the video line rate so that each line is sampled in 
turn. Th switch 37 is toggled by control signal C2 
supplied by the control circuit 21 at the row scan- 
ning frequency so that the polarity of the column 
drive signal Vc is inverted after each row in the 
70 display panel is addressed. Signal smoothing cir- 
cuits, as described above can be included between 
the switches 36 and 37. 

In the case of a colour display apparatus hav- 
ing a mosaic colour filter, the column driver circuit 
75 is complicated by the need to switch the colour 
information applied to the column conductors of the 
display panel as each row is addressed. Figure 6 
shows a typical, staggered, arrangement of the 
colour filters. The R, G and B (red, green and blue) 
20 filter elements each correspond with a respective 
picture element. The dashed lines indicate how the 
column conductors 10 of the display panel are 
connected to their associated column of picture 
elements. For line inversion drive the display panel 
25 is driven with a column voltage which is inverted in 
polarity after each row is addressed. In addition the 
colour information is alternated between two of the 
three colour signals for successive rows. For exam- 
ple, considering the column on the left of Figure 6 
30 the colour signal is alternated between red and 
blue. In any one column only two colour informa- 
tion signals are required. In the chosen example 
column these are the red signal and the inverted 
blue signal and these can be provided by the 
35 column drive circuit of Figure 5 by connecting the 
red signal to the datal input and inverted blue to 
data2. This column driver circuit can also be used 
if the connection of the picture elements to the 
column conductors is such that each column con- 
40 ductor is associated with picture elements of only 
one colour. . 

When an alternative drive scheme of the kind 
in which the signal polarity is inverted after every 
second row is used, any single column conductor 
45 must be driven with four different signals. For ex- 
ample the column conductor on the left of Figure 6 
must be driven with the normal red and blue sig- 
nals and also with the inverted red and blow sig- 
nals. For the proposed driving scheme, at any 
so moment in time the column driver circuit must be 
able to provide any one of the four possible column 
signals as required to address the rows. The col- 
umn driver circuit in the previous section can only 
provide one of two possible output signals. For this 
55 drive method a more complex driver is required as 
shown schematically in Figure 7a or 7b. In these 
Figures the control signals C1, C2 and C3 supplied 
by the circuit 21 are of frequencies corresponding 
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respectively to video line rate, row scanning rate, 
and half row scanning rate. 

Although in the above described embodiments 
a liquid crystal display panel using TFTs as switch- 
ing elements for the picture elements is used, it will 
be appreciated that other forms of display panel 
may be employed instead. Thus a liquid crystal 
display panel using two terminal non-linear devices 
such as MIMs or diodes as switching elements 
may be used, for example as described in GB-A- 
2129183. Further, the display panel need not be of 
an active matrix type but could alternatively be of a 
passive type. 

From reading the present disclosure, other 
modifications will be apparent to persons skilled in 
the art. Such modifications may involve other fea- 
tures which are already known in the field of video 
matrix display apparatus and which may be used 
instead of or in addition to features already de- 
scribed herein. 

Claims 

1. A matrix display apparatus for displaying ap- 
plied video signals of two or more different 
standards which apparatus comprises a dis- 
play panel having an array of picture elements 
arranged in a set number of rows and columns 
and driving means for driving the picture ele- 
ments according to an applied video signal, 
the driving means comprising a column driver 
circuit operable according to the line frequency 
of an applied video signal for supplying data 
signals derived therefrom to the columns of 
picture elements, a row driver circuit for scan- 
ning the rows of picture elements in turn, and 
a control circuit which controls the timing of 
the operation of the row driver circuit and 
which is responsive to an applied video signal 
to control the row scanning rate of the row 
driver circuit according to the standard of the 
video signal, characterised in that the control 
circuit is arranged to operate the row driver 
circuit at a rate which is determined in accor- 
dance with the number of rows of picture ele- 
ments and the field period of an applied video 
signal. 

2. A matrix display apparatus according to Claim 
1, characterised in that the row driver circuit is 
operable by the control circuit to scan the rows 
of picture elements at a rate substantially 
equal to the number of rows of picture ele- 
ments in the display panel divided by the 
active field period of an applied video signal 
such that all rows in the display panel are 
scanned within one field period of the video 
signal. 



3. A matrix display apparatus according to Claim 
1 or Claim 2, characterised in that the column 
driver circuit comprises a plurality of stages 
comprising sample and hold circuits for sam- 

s pling lines of an applied video signal, the out- 

put of each stage being connected to a re- 
spective column of picture elements of the 
panel, and in that the stages are operable to 
sample lines of an applied video signal at a 

70 rate corresponding to the line frequency of the 

video signal. 

4. A matrix display apparatus according to Claim 

3, characterised in that each stage of the col- 
75 umn driver circuit comprises at least two sam- 
ple and hold circuits whose outputs are al- 
ternately switched by switch means operable 
by the control circuit at a rate corresponding to 
the line frequency of an applied video signal. 

20 

5. A matrix display apparatus according to Claim 

4, characterised in that the stages of the col- 
umn driver circuit include signal smoothing cir- 
cuits connected between the sample and hold 

25 circuits and the outputs of the stages. 

6. A matrix display apparatus according to Claim 

5, characterised in that the signal smoothing 
circuits comprise low pass filter circuits. 

30 

7. A matrix display apparatus according to Claim 

4, characterised in that the signal smoothing 
circuits comprise linear interpolation circuits. 

35 8. A matrix display apparatus according to Claim 

5, 6 or 7, characterised in that each stage of 
the column driver circuit includes a further 
sample and hold circuit connected between the 
signal smoothing circuit and the output of the 

40 stage which is arranged to be operated by the 

control circuit at the row scanning rate. 

9. A method of operating a matrix display for 
displaying applied video signals of two or more 

45 different standards and comprising a display 

panel having an array of picture elements ar- 
ranged in a set number of rows and columns 
and driving means for driving the picture ele- 
ments according to an applied video signal 

so and comprising a column driver circuit for sup- 

plying data signals derived from an applied 
video signal to the columns of picture ele- 
ments and a row driver circuit for scanning the 
rows of picture elements in turn at rates which 

55 differ according to the standard of the applied 

video signal, characterised in that the row driv- 
er circuit operates to scan the rows of picture 
elements at a rate which is a function of the 
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number of rows of picture elements and the 
field period of the applied video signal. 

10. A method according to Claim 9, characterised 
in that the rows of picture elements are 
scanned at a rate which is substantially equal 
to the number of rows of picture elements in 
the panel divided by the active field period of 
an applied video signal. 



70 



11. A method according to Claim 9 or Claim 10, 
characterised in that the column driver circuit 
is operated to sample individual lines of an 
applied video signal at a rate corresponding to 
the line frequency of the applied video signal 75 
and in that successive sampled signals for 
each column of picture elements are smoothed 
before being supplied to the columns of pic- 
ture elements. 

20 
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